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SUMJvIARY 



The mutual interference effects of tail surfaces 
and a stern propeller were investigated on a model repre- 
sentative of the empennage and propeller installation of 
the XB-42 airplane. The^ tests were conducted primarily 
to determine the effect of tail-surface - propeller 
spacing upon the periodic tail-surface loading coin- 
cident with propeller blade passage. 

In the static-thrust condition, instantaneous pres- 
sure data were obtained at propeller blade angles of 20^, 
30^^ and 40*^ over a range of propeller rotational speeds 
and tail-surface - propeller spacings. The effect of 
blade angle, tail-surface - propeller spacing, angle of 
attack, and control- surf ace deflections on the instan- 
taneous and average pressures on the tail surface and on 
propeller aerodynamic characteristics were^ obtained in 
both positive and negative d;;mamic thrust. 

The pressure impulses on the control surfaces due 
to propeller blade passage were found to increase v/ith 
propeller rotational speed or blade angle, or with 
decreased tail-surface - propeller spacing in .both static 
and positive dynamic thrust. The effect of blade-angle 
change was not inve s ti.^^'-ated in negative thrust, but 
otherwise the behavior of the pressure impulse was com- 
parable to that in positive thrust. 

Average pressure distributions obtained at tv/o 
chordwise stations on the left elevator indicated that 
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the control-surface effectiveness Increased with increas- 
ing thrust coefficient and decreased with increasing 
negative-thrust coefficient. 

An elevator deflection of 20 decreased the envelope 
efficiency of the six-blade dual-rotating propeller in 
the low V/nD range, increased it in the high V/nD 
range, and only slightly affected the negative -thrust 
characteristics, Vvithin the angle-^of -attack range inves- 
tigated, there was no change in the negative -thrust char- 
acteristics of the six-blade dual-i o tating propeller. 



INTRODUCTION 



At the request of the Amiy Air Forces, Materiel 
Command, tests have been conducted in the propel] er- 
research tunnel at the Langley Memorial Aeronautical 
Laboratory to obtain information applicable to the XB-42 
airplane concerning the mutual interference effects of 
tail surfaces and a stern propeller. A siinplified model 
used in this investigation simulated only the propeller 
and empennage arrangement of the airplane. 

The Douglas XE-42 airplane is a light, midwing bomber 
powered by two Allison Vv-1710-93 (Ell) engines which drive 
a dual-rotating propeller mounted behind the tail surfaces. 
The propeller is made up of two three-blade units of the 
Curtiss 836-17C2-18 and 837-17C2-18 design, right- and 
left-hand, respectively. The engines, mounted side by 
side in the fuselage, are individually connected to the 
three-blade units of the propeller^ It is advantageous 
to locate the propeller as close to the tail surfaces 
as possible from v/eight and balance considerations; in 
this position, however, the control surfaces experience 
severe instantaneous loads. i 

It was the primary purpose of these tests to deter- 
mine the effect of tail-surface - propeller spacing on 
the magnitude of the periodic tall-surface loading coin- 
cident with propeller blade passage. The average pres- 
sure distributions on the elevator for various combina- 
tions of control- surf ace deflection and the aerodynamic 
characteristics of the propeller operating at both 
positive and negative thrust were also measured. 
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A previous investigation of the neriodic tail-surface 
loadings app].icable to the a5.rplare was presented 

in reference 1. 



APPARATUS ATyjD TESTS 



Model.- The XE-42 tail-propel].er interference model 
consisted of a streamline bod;^" upon which pusher propel- 
lers were mounted directlj?- behind verbical and horizontal 
surfaces as shown an figure 1. The propellers were 
driven by two 25-horsepcwer motors mounted within the 
nacelle.-. 

The tail surfaces were constructed of wooden spars 
and ribs covered v;3th sheet alum.lnum. i-. lead weight was 
miounted at the tip of' erch surface to reduce the natural 
frequency of the tail surface s« The ordinates of the 
tail surfaces conform to the NACA 0C09 section. The 
mean geometric chord of the elevator was 46.6 percent of 
the mean geometric chord of the entire horizontal tail 
surface. The mean geometric chord of the rudder v;as 
41,4 percent of the mean geometric chord of the entire 
vertical tail surface v It was possible to set the ele- 
vators in 5^ Increments from. -20^ to 20^ and the rudders 
in 5^ increments from -10^ to 10^. Rudder and elevator 
angles are considered positive when the trailing edges 
are deflected to the left and down, respectively. The 
gaps between the fixed and movable tail surfaces were 
unsealed. The longitudinal position of the tail surfaces 
could be changed as shov^n in figure 1, 

A right-hand one-blade propeller (Hamilton Standard 
2155-6 design) v/as used in all tests in which the changes 
in tail-surface instantaneous pressures, cau^^ed by blade 
passage were m.easured. The use of a single-blade propel- 
ler was necessary to provide adequate spacing of pressure 
impulses as recorded on the filmso The geometric char- 
acteristics of the bDade are given in figure 2^ and a 
photograph of the propeller installed on the m^odel for 
wind-tunnel tests ^ in figure 5. 

A six-blade dual-rotating propeller was used in the 
investigation of the propulsive efficiency, negatr-ve- 
thrust characteristics, and average pressui'e distribucions 
on the tail surface::-. The propeller blades were of the 
Hamilton Standard 3155-6 and 3156-6 design, right- and 
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left-hand, respectively; their geometric characteristics 
are p-iven in figure 2/' In all tests at positive thrust, 
the right-hand (front) propeller was set at even values 
of blade angle, while the left-hand (rear) propeller was 
set to absorb the same power as the front propeller at 
peak efficiency. In the tests at negative thrust, both 
propellers were set at the sam.e blade angle. The 
distance between center lines of the propeller disks was 
approximately 10 inches. The rotational speeds of both 
the front and rear propellers were equal throughout the 
tests. A photograph of the six-blade dual-rotating pro- 
peller installed on the model is shown in figure 4. 

Instrumentation . - Two methods were used to measure 
effect of blade passage on the loading of the tail 
surfaces : 

1. Orifices on opposite sides of the control surfaces 
at the points shown in figure 1 were diff erentially ^ con- 
nected to pressure cells located as close to the orifices 
as feasible. A pressure impulse at either orifice dis- 
placed a diaphragm of the individual cells; this m.ove- 
ment, except for the cells attached to the trailing-edge 
orifices on the rudder, was relayed mechanically to the 
photographic recording equipment. At orifices 1, rows A 
and the diaphragm movement effected changes in the 
inductance of an electrical circuit and this change was 
recorded. Installation photographs are presented in 
figure 5. 

2. Balsa-wood tabs mounted in each elevator were 
attached to the tail surfaces with dural springs upon 
which Baldwin Southwark type C--10 strain gages were 
attached. (See fig. 6.) Direct current was fed into 
the gap^es and any instantaneous pressure differential 
acting on the tabs effected changes in voltage across 
the gages. This fluctuating voltage was amplified in a 
Sperry^am.plif ier and recorded on a Miller oscillograph. 

To reduce the possibility of resonance error being 
introduced into readings taken with the instantaneous 
pressure measuring devices, the frequency of the impressed 
instantaneous pressure v^as held well below the resonant 
range of the instruments. The natural frequencies of 
the various instruments were 120 cycles per second for 
the pressure pickups and 250 cycles per second for the 
strain-gage (tab) installation. The natural frequency 
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of the tall surfaces wa.<? held to 8 cycle? per second so 
that any pulsations due to surface vibration could be 
differentiated easily from the pressure impulse wave. 

The frequency response of the instantaneous pressure 

devices was kept as high as practicable. Static orifices^ 

l/S inch in diameter, were connected to the various pickup 
3 

elements with -Y^-inch inside-diameter tubing. The lengths 

of tubing used to connect the various orifices to the 
pickup elements were 4 feet for the traillng-edge ori- 
fices and 8 feet for al]. other orifices. The shorter 
length of tubing would tend to Increase the accuracy of 
the trailing-edge pressure recorders as there would be 
less lag between the orifice and .measurf ng device. The 
complete installation was calibrated for attenuation of 
the pressure wave by applying a known pressure at several 
frequencies to the installation. 

The occurrence of instantaneous loads was correlated 
with propeller position by a timing device consisting of 
two stationary copper brushes riding on a steel ring 
which rotated with the propeller shaft. A bakelite insert 
in the ring caused a break in the tim.ing circuit for each 
shaft revolution tripping timdng solenoids in the various 
recording Instruments . 

The average chordv/ise pressure distributions at two 
spanwlse stations on the left elevator were obtained by 
the pressure belt technique described ;'n reference 2. 
The location of the pressure belts on the m.odel is shown 
in figure 1; the inboard and the outboard belts were 
located at 52 and 82 percent of the propeller radius, 
respectively. A photograph of the installation is given 
as figure 7. 

Tests . - Static thrust tests were conducted on a 
ground stand and measurem.ent s of thrust, power, and 
instantaneous pressure were obtained. Tests were run 
at wind speeds not exceeding 5 males per hour. In this 
range, the slopes of the thrust and power curves vary 
directly with air velocity, permiltting a simple velocity 
correction to the coefficients* 

The dynamdc thrust tests were conducted in the 
propeller-research tunnel at airspeeds up to 90 miles 
per hour. Thrust and pov;er were measured over the 
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operating range of the propeller In addi.tion to mea.^- 
urementv^ of instantaneous and average pressures on the 
tail surfaces. The angle-of-attack range for these 
tests was from 5^ to -10^. To minimise the effects of 
strut interference^ larger negative than positive angles 
of attack were tested. 



SYMBOLS 



The following symbols are usee in this reports 

Ap peak pressure differential^ measured at static 

orifices, pounds per square foot^ considered 
positive if it imparts a positive rolling 
m-oment to the model 

p mass density of air, slugs per cubic foot 

a relative density (p/O •002378) 

free-stream dynamic pressure, pounds per square 
foot 

^p/^o peak pressure coefficient 

p local static pressure, pounds per square foot, 

subscripts U and L denote upper and 
lower surfaces, respectively 

Pq free-stream static pressure- pounds per square 

foot 

total peak load, on tab, pounds 

At area of tab (0,429 square foot) 

Ap^ = — average peak pressure impulse on tab, pounds 
t per square foot 

APt./^o P^ak pressure coefficient on tab 

V velocity of air stream, feet per second 

Tg effective thrust, po^onds 

P power absorbed by propeller, foot-pounds per 

second 
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N propeller rotational speed, rpm 

n propeller rotational rpeed, rps 

R propeller radius, feet 

D propeller diameter, feet 

p blade angle at 0,75R, degrees, subscripts F 

and R denote front and rear propellers, 
re spec tlvely 

V/nD propeller advance-diameter ratio 

d distance between point of pressure measure- 

ment and center line of the single-blade 
propeller, incb e s 

a angle of attack, vertical angle between 

tbrust axis and air stream, degrees 

6^ elevator deflection, degrees, training edge 

down is positive 

5p rudder deflection, degrees, trailing edge 

to left is positive 

Te 

'-'T ~ — ;t~7 thrust coefficient 



pn^D^ 
PV^d2 



= — ~T thrust disk loading coefficient 



p 

Gpzr power coefficient 

pn^D^ 



Crp y 



'^'^C^nB propulsive efficiency 

RESULTS AND DISCUSSION 



The discussion of the results of the tail-propeller 
interference miodel tests dealing with the effect of the 
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propeller on the tail surfaces is presented in two sec- 
tions dealing in turn with instantaneous pressure 
impulses and average tail-surface pressure distributions. 

The results of tests made to determine the effect 
of the position of the tail-surface and control- surf ace 
deflection on the aerodynamic characteristics of a six- 
blade dual-rotating propeller are presented in the final 
section of this discussion. 

A list of figures which present test results is 
given in table !• 



Instantaneous Pressures 

The aerodynamic load on a surface mounted ahead of 
and very close to an operating propeller may be con- 
sidered in two parts: (]) a steady load which is deter- 
mined by the geometry of the surface, the attitude, and 
average velocity in which it operates; and (2) an im.pulse 
load experienced when the surface is in the imjnediate 
proximity of the individual propeller blades. The 
greater part of this investigation is concerned with 
evaluating the second component which. is caused by the 
sudden change in flow over the surface as the flow field 
about the propeller blades is superimposed on the steady 
flow in the free stream. 

Typical pressure records, presented in figure 8, 
show that the surface is subjected to alternating 
im.pulses with each blade passage. The position of the 
blade relative to the tail surface at the occurrence of 
the peak pressures was obtained from strain-gage records 
by correlation with the timer m.arks impressed on film 
as the blade passed a known position in its revolution. 
The first peak pressure differential occurred when the 
center line of the approaching blade was approxim_ately 
15^ from the trailing edge of the tail surface; the 
second peak occurred when the blade center line was 
nearly parallel to the trailing edge of the tail surface. 
The period of the pressure cycle, determined from strain- 
gage data, was found to vary from 14 to 17 percent of 
the propeller period. The strain-gage system, was used 
in determiining the position of the blade at the time of 
the maximum impulses because of its very small timxe lage 
Records obtained in the wlnd^-tunnel tests show that these 
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valuer v^ere approximately independent of operating 
conditions. 

Stat ic~ thrust tests , - Tests to determine the effects 
of the propeller rotational speed, tall-surface - propeller 
spacing, and blade angle were made at static thrust 
because the pressure differential between orifices on 
opposite sides of the surfaces would be greatest in this 
condition. The angle of attack v/as 0^ and the control 
surfaces were locked in the neutral position. 

The thrust and power coefficients at static thrust 
presented in figure 9 were independent of tail-surface - 
propeller spacings over the range of these tests. 

It was observed in the typical pressure records of 
figure 8 that v/ith each blade passage the tail surface 
experienced two impulses in opposite directions. In 
the static-thrust condition the first impulse was 
Invariably greater than the second (fig. 10) and for 
this reason the following analysis of pressure variations 
at static thrust is based on the magnitude of the first 
impulse . 

The variation of the first pressure impulse at the 
trailing-edge orifices on the elevator v;lth propeller 
speed is shown in figure 11, From these data, taken 
with the tail surfaces in position 1, the following 
expression relating the magnitude of the impulse to the 
rotational speed of the propeller v/as obtained: 



oAp = KjN 

where the constant increases with increasing blade 

angle and decreases with distance from the propeller to 
the orifice. 

The effect of tail-surface - propeller spacing 
upon the peak positive pressure at the orifices of 
rows C and D is shov;n in figure 12* These data were 
obtained at four tail-surface - propeller spacings for 
several blade angles and propeller rotational speeds. 
The peak pressure differential as a function of 
tail-surface - propeller spacing can be expressed as 
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wliere . Kg is c?ependent upon blade an.c^le and propeller 
rotational speed. 

Combining the above expi'ession? we find 

jjl,45 
GAP - ^;32- 

The value of K3 is dependent only upon the blade angle, 
as shown in figure 13. 

The effect of blade angle upon the peak positive 
pressure differential for several constant propeller 
rotational speeds is shovm In figu.re 14. This figure was 
constructed from points taken from the faired data pre- 
sented in figure 10. Figure 14 clearly shows that, for 
any constant rpm, aAp Increases with increasing blade 
angle and, likewise, with decreasing distance betv/een 
the blade and the orifice. 

Wind- tionnel tests in p ositive th rust . - Th e instan- 
taneous loads in the tail surfaces were determined in 
the wind tunnel over a range of propeller advance - 
diameter ratios from 0,4 to 0 thrust at blade angles of 
20^, SO^, and 40^^. These tests were made at several 
angles of attack and control-surface deflections. 

The aerodynamic characteristics of the single-blade 
propeller expressed in forms of Cm, Cp, and t] as 

functions of v/nD are shown in figure 15. These data 
were taken with the tail in position 1, the angle of 
attack and control surfaces at 0^, and the propeller 
operating at 500 rpmi. 

In the wlnd-tunrel tests at positive thrust, as in 
tests at static thrust, the first pressure imapulse v^as 
somewhat larger than the second. (See fig. 16.) The 
results of tests over the range of propeller advance- 
diameter ratios from 0.55 to 1.75 at p = 40^' show 
that the variation v/ith v/nD of the pressure impulse 
coefficient Ap/q^ measured at the rearmost orifices in 
the elevator was independent of propeller rotational 
speed (fig. 17). These data were obtained with the tail 
in position 3, the model at 0^ angle of attack, and the 
elevator and rudder in neutral. 
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The results obtained from the pressure recoi^ds at 
a].l orifices are plotted agairst v/nD in figure 18 for 
p - 20^, 30^, and 40'^. A reversal of sign of the pres- 
sure differential as the propeller goes from positive to 
negative thrust is snovm at the bDade angles of 2C^ and 

The peak pressure ^p/^q ^ function of distance 

from the propeller is shown in figure 19, These curves 
were obtained from faired data of figure 13 u?ing the 
pressures measured at the first and second orifices 
only. These data^, obtained with the tail in position 1, 
are supplemented at 6 = 40^ by data obtained from 
tests with tail in position o (figo 17) • Pressures 
recorded at the foremost orifices were neglected because 
of inconsistencies in the data. The peak pressure coef- 
ficients for both the inboard and outboard rows fall on 
a single curve, except in the case of p = 40^ at 
values of V/nB below 1. This divergence from a single 
curve is probably associated v/ith the stalling of the 
propeller blades. 

The results obtained with the strain gages mounted 
Integral with the tabs are presented in the form of the 
coefficient Ap^/q^ as a function of propeller advance- 
diameter ratio in figure 20 for ^ = 30^. Pressure 
Impulses on the right tab are appreciably greater than 
those experienced on the left tab and those measured at 
the adjacent orifices. Because of the wide spread in the 
loads recorded on the right and left tabs at a - 0^, 
the strain-gage data are of qualitative interest only. 
Qualitatively these data are in agreement with the local 
pressure variations recorded at tne orifices which are 
presented in figure 18. 

An investigation of the peak pressure impulse cn 
the elevator was conducted at elevator deflections from 
0^ to 20'^ and angles of attack from 0^ to -10^ with the 
rudder in the neutral position. The results of these 
tests ^ plotted in figure 21, show the change in pres- 
sure impulse at the six orifices on the elevator as a 
function of v/nD for the various test condiisions. 

These data were taken at p = 40^ with the tail 
in position 1; the propeller rotational speed was 
500 rpm and the wind speed v;as varied to obtain data in 
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a small range of v/nD near peak efficiency of the 
propeller. To facilitate coruparison of the curves, 
a composite is presented in figure 22 for constant 
angle of attack and in figure 23 for constant values of 
elevator deflection. It is observed that the magnitude 
of the peak pressure impulse generally increased with 
positive elevator deflection and decreased v/ith increas- 
ing negative angle of attack. 

Results obtained with strain gages on both right 
a.nd left tabs for the above elevator deflections and 
angles of attack are presented in figure 24 o The 
effect of these variables on the instantaneous loading 
of the tab is shown clearly in the com.posite curves of 
figures 25 and 26. 

To determine the effect of rudder deflection and 
angle of attack on the peak pressure impulse im;posed on 
the rudder, tests were conducted at rudder deflections 
of -10'^, 0*, and 10^ and angles of attack from C to 
-10^; the elevator was in neutral. Results of these 
tests, presented in figure 27, show the change in Ap/q^ 

with v/nD for the six orifices on the top rudder. 
The curves for orifice 1 (rows A and E) indicate that 
the pressure coefficient increases as the ruddei' deflec- 
tion goes from negative to neutral to positive. The 
curves for the remaining orifices also show that the 
pressure coefficient is greatest at a rudder position of 
10^, but also that the pressure coefficient is greater 
with a rudder position of -10^ than it is with the 
rudder in neutral. As the trend of the pressure coef- 
ficients with rudder deflection is not consistent 
between the six orifices on the rudder, no attempt is 
made to correlate the behavior of the pressure coeffi- 
cients on the deflected rudder with those on the 
def lec ted elevator . 

To determine the effect of rudder deflection on 
the loading of the elevator and the effect of elevator 
deflection on the loading of the rudder, tests were 
made at the following combinations of elevator and 
rudder deflections with the m.odel at 0^ angle of attack. 
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(b) 



asurements on rudder 



(deg) (deg) 



0 
5 
10 
20 
0 
5 
10 
20 



10 
10 
10 
10 
-10 
-10 
-10 
-10 



10 
20 

5 
10 
20 

5 
10 
20 



0 
0 
0 
10 
10 
10 
10 
10 
10 



The pressure impulses measured at the tv;o rearnrost 
orifices on the elevator are shown in figure 29. The 
curves obtained with the rudder In neutral (fig. 22) 
are superimposed on the experimental points. The close 
agreement between the two Indicates that rudder deflec- 
tion has a negligible effect on the pressure impulse on 
the e levator c In figure 30 the results obtained from 
the strain-gage measurements are presented in the same 
manner as the pressure m^easurement s for the same deflec- 
tion conditions. The agreement here is not as good as 
that obtained from the pressure data. 

The pressure impulses recorded on the rucder at 
elevator deflections outlined in the above table 
(part (b)) are presented in figure 31, Here, also, 
there is close agreement between the e::perimental points 
and the curves obtained with elevators in neutral, indi- 
cating that elevator deflection has a negligible effect 
on the instantaneous loading of the rudder. 

Wind-tun nel tests in n egative th rurt.- To determine 
the severity of the peak pressure impulses incurred with 
the propeller operating as an air brake, an investigation 
was conducted with a blade angle of -15*^. These tests 
were made with tail in position 1, elevators and rudders 
in neutral, over a limited range of angles of attack. 
The propeller speed was 500 rpm and the v;ind speed varied 
fromi 29 to 100 miles per hour. The aerodynamic 
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characterif^tics of the propeller operating under these 
conditions are presented in figure 32 in the form of 
thrust and power curves. 

In negative thruat tha flr^t pressure impulse, 
occurring as the blade approaches the tail surface, was 
in the direction of motion of the propeller. The seconds 
impulse which occured iiiimediately after the blade passed 
the surface was of opposite direction and was som.ewhat 
larger than the first and^ for this reason, the results 
obtained, from measurements of the second peak are pre- 
sented throughout the discus sion. A comparison of the 
two pressure peaks is presented in figure 33. 

The results in the form, of the nondimensional coef- 
ficient Ap/q^ are plotted against V/nD in figure 34 

for the orifices on both the horizontal and vertical 
tail surfaces. "Er.aminatlon of the curves reveals that, 
as in positive thrust, the peak pressure impulse decreases 
with distance in front of the propeller. The results 
obtained with the strain-gage mieasurements are presented 
in figure 35. It is observed that, although the values 
of Ap/q^ in negative thrust decrease with v/nD in a 

manner similar to positive thrust, the actual value of 
the pressure im.pulse Ap at a constant propeller speed 
increases with v/nD because of the increase in blade 
loading with v/nD. 



Average Pressure Distribution on the Left Llevator 

An investigation of the effects of propeller opera- 
tion on the average pressure distribution over the left 
elevator has been made at several control-surface 
deflections. These tests were conducted at an angle of 
attack of 0^ with the tail in the most forward position* 
Data were taken in the propeller-removed condition and 
with the six-blade dual-rotating propeller operating in 
both the positive- and negative -thrust regions. 

Wind- tunnel tests in positive thrust .- With the 
control surfaces neutral, the blades of the front pro- 
peller set at 20^, and those of the rear at 19.9^, 
the effects of power on the average pressures over the 
left elevator were small (figv 36(a)). At an elevator 
deflection of 20^, however, increasing the thrust coef- 
ficient resulted in substantial Increases in the load 
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on this control surface (fig, 36(b)). It is observed 
that the greater rart ot the change In ]oadlng which 
occurred at - 2G^ resulted from reduction of the 

pressure over the upper surface of the elevator. 

The effect of chcinges ^'.n elevator (Reflection with 
propellers removed and at the Tq corresponding to 
peak efficiency at 3p = 40^ and pj^ - 39.9^ is shown 
in figure 37 » Comparison of the curves at the various 
elevator angles indicates that the effectiveness of the 
control surfaces is appreciably greater with the pro- 
pellers operating • 

Variations in rudder deflection are shown in fig- 
ure 38 to have effected equal changes in the pressure 
over the upper and lower surfaces of the elevator at 
6e = 0 . At 6e = 20^, however, the di tribution of 
pressure over the pressure side of the surface of the 
left elevator was independent of rudder ani?le, whereas 
the pressure on the suction side of the surface increased 
negatively with rudder angle. 

Wind-tunnel tests in ne gati ve thrus t.- The inves- 
tigation of average pressures was also extended into the 
negative-thrust region of propeller operation. The 
tests were made with the tail surfaces in position 4, the 
model at an angle of attack of 0^. and all six blades of 
the dual-rotating propeller set at -15^. The effect of 
changes in thrust coefficient on the pressure distribu- 
tions on the left elevator is presented in figure 39 for 
elevator deflections of -20^, 0^, and 20^. The marked 
increase in pressure indicates a substantial reduction 
in the dynamic pressure over the tail surface when the 
propeller is operating in the negative thrust region, 
With the control surfaces deflected, the pressure change 
on the suction side of the surface was much greater than 
that on the pressure side. The effect of positive and 
negative thrust on the control-surface effectiveness is 
presented in figure 40 for three elevator deflections. 
In this figure an indication of the force at the inboard 
belt on the left elevator was found as 
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where c is the percent chord of the elevator. The 
ef f ectlvenes3 of the control surface? is increased In 
positive thrust and decreased in negative thrust o A 
reversal in control for the 5e = 20^ condition 
occurred at a value of T^^ = -0.73. 



Propeller Characteristics 

Because the efr?cienc^ of a propeller is a function 
of the velocity field in v:hlch it operates, the aerody- 
namic characteristics of the six-blade dual -rotating 
propeller were determined for several elevator and 
rudder deflections. These tests were ir.ade with the tail 
surfaces in position 4 simulating the tail-surface - 
propeller spacing proposed for the first flight airplane. 

Positive dynamic t hrust >- The ma>:imALm efficiency of 
the propeTler at = 40^' and = 29. 3^ shown in 

fieure 41 to have been increased apprcxiznately ? percent 
by^def lecting the elevator from the 0^ to the -20^ posi- 
tion. A com.posite of the propulsive efficiency curves 
for figure 41 is presented in figure 42c 

The thrust upon which these efficiencies were based 
is defined as the difference between the drag of the 
model with power on and with the propeller removed for 
the same configuration; thus, any reduction in separa- 
tion from the deflected surfaces influenced by the pro- 
peller will appear as increased propulsive efficiency. 

A comparison of operational characteristics of the 
propeller at blade angles of 20^, 30^, and 40'^, and 
elevator deflections of 0^ and 20^ is shown in- figure 43. 
Efficiency envelopes for each of these conditions, given 
in figure 44, indicate as much as 2 percent higher effi- 
ciency when the elevator is deflected from the neutral 
position to 20^ in the v/nD range of 1.0 to 2»k^,^but 
as m.uch as 4 percent lower efficiency below V/nD -• 1.0. 

The influence of rudder def lection . on the aerody- 
namic characteristics of the propeller (fig. 45) was 
negligible. A composite of the propulsive efficiency 
curves from figure 45 is presented in figure 46. Dif- 
ferences in the effect of rudder and elevator deflec- 
tions on the propulsive efficiency are probably asso- 
ciated with differences in the ratio of the control 
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surface span to propeller diameter and to the fact that 
the lower rudder on the test setup operated in the vmke 
of the support strut. 

Neg ativ e thru st . - Data concerning the negative- 
thrust characteristics of the six-blade dual-rotating 
propeller in the negative-thrust region were also 
requested. The angles of attack of the model selected 
from data furnished by the Douglas company vvere -6.6'^, 
-2.6^, and 0.4^, corresponding to angles of attack of 
the horizontal tail at airpls.ne lift coefficients of 
approximately 0.5, 1.0, and l*5o 

Negative -thrust characteristics of the six-blade 
dual-rotating propeller were not affected by a change 
of angle of attack within the range of angles of attack 
tested. (See fig. 47.) The test'points obtained at 
a = 0.4^ are plotted in figure 47 with the curve drawn 
through these test points common to the an;2:les of attack 
of -6o6^ and -2.6^. 

The model was set at an angle of attack of 0^ in 
tests to determiine the effect of elevator deflections 
upon the negative-thrust characteristics of the six- 
blade dual- rot ating propeller. The results of these 
tests, presented in figure 48, show that elevator 
deflections of ±20*^ reduce the value of by not 

more than 5 percent at a value of V/nD = 3.0. 



SUMMARY 0? RESULTS 



The results of this investigation are sutmarized 
as follov\rs: 

1, V^ith every blade passage, the control surfaces 
experienced Linequal pressure Impulses in opposite direc- 
tions. In positive thrust the first impulse im.parted 

a positive rolling moment to the miodel, while in nega- 
tive thrust the reverse was true* 

2. Increases in blade angle or rotational speed, 
for a given advance ratio and decreases in tail- 
surface - propeller spacing increased the pressure 
impulse coefficients on the tail surfaces in positive 
dynamic thrust and, to a greater degree, in static thrust. 
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3. Deflecting the control surface away from the 
a.(jvancing blade increased the pressure i^ripiilse coeffi- 
cj.ent on the elevator, 

4. The pressure i.mpulse coefficient on the elevator 
decreased with increasing negative angle of attack. 

5. In negative thrust, the peak instantaneous pres- 
sure on the tail surfaces increased with propeller 
advance-dlan.e ter ratio and decreased with increasing 
tail-surface - propel].er spacing. 

6. The control- surf ace effectiveness increased with 
positive propeller thrust. 

7. The resultant loading on the left elevator at 
5g = 0^ was independent of rudder angle. With the 

elevators deflected 20^, the distribution on the pressure 
surface of the left elevator was independent of rudder 
angle while the pressu.i'e on the /niction side of the 
surface increased negatively with increasing rudder 
angle . 

8. The effectiveness of the control surfaces was 
considerably reduced in the negative.-thrust condition, 
and at a value of Tq, which might be encountered in 

using the propeller as a brake in landing, a reversal 
in control was indicated. 

9. The envelope efficiency of the six-blade dual- 
rotating, propeller decreased as much as 4 percent when 
the elevator is deflected from, the neutral position to 
20^ in the low v/nD range and increased as much as 

2 percent in the high V/nD range o 

10. A 3-percent inci'ease in the peak propulsive 
efficiency of the six-blade dual-rotating propeller was 
realized when the elevator was deflected from the 
neutral position to -20^ for the b].ade settings of 

Pp = 40^, i3R = 39.30. 



MR No. L4K09 



19 



11* The negative-thrust characteristics of the six- 
blade dual -rctating propeller were not affected by chang 
in angle of attack within the range of these tests but 
were affected slightly by deflection of the elevators o 
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Figure 2..- Plan -form and blode-form cur^e^ for 
propellers 3155-G (right hand) and 3l56-G(/eff hand) 
D, diameter; R, radius fo the -fip-nsfafion radiu5- bisect ion chord) 
h section thiCKne5S; geometric pitch. 



Figure 4.- The six -blade dual-rotating propeller installed on the tail surface -propeller 
interference model. Tail surfaces in position 4; 0^ = Ptd = -15^; a = 0^; 
" ^r = F R 



(a) Electrical pressure pick-ups; (b) Single capsule recorders; Right 

Top rudder. elevator. 

Figure 5.- The instantaneous pressure measuring devices installed in the tail surfaces with 

arrows pointing to the connecting trailing edge orifices. 




Figure 6.- The balsa wood tab installation in the 
left elevator with tab cut open to show details 
of spring. 



Figure 7.- Pressure belt installation on the 
lower surface of the left elevator. 
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Direction of film travel 
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Figure d.- Typical test records shoeing xhe correlation of the 
presBure peaks with blade position. 
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Figure 9*- Statle-thrust oharacterlstlos of the 
one-bladed propeller* All tall 
Burfaoe positions; a = 0^; 

6e 5r = 
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3 4 5 6 a 10x10^ 

Figure 10.- A comparison of the magnitudes of the first 
and second pressure Impulse at static 
thrust. Tall surfaces In position 1; 
a = 0°; = 0°; 5j. = 0°. 



L-625 





inches. 



Figure 12.- 



The effect of tall surface -propeller spacing on the peak pressure 
differential on the right elevator In static thrust. a - 0^; 
6e - 0°; 6r - 0°. 
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Figure 13 Values of computed from static- 

thrust resolts. 



MR No. L4K09 




Figure IM^.- The peak positive pressure differential on the horizontal elevator 

as a function of p for constant values of propeller- rotational 
speed. Tall surfaces In position 1; a » (fi; 69 * 0°; 6r * 
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Figure 17.- Peak pressure coefficients as a function of V/nD at several propeller-rotational 
speeds. Tail surfaces in position 3; /9 = 40^; a = 0"^; 8^ = 0^; 8 = 0^. 
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(a) p m 20^. 

Figure 19.- Variation of the peak preBsure ooefflolent with 

distance fron the propeller for Qaonetant raluee 
of V/nD, a - OO; 6t - QO; «y « 00. 
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(b) p - 30''. 



Figure 19.- Continued. 
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Figure 19. Concluded. 
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Flgui^ 20.- Peak pressure coefficients on the tabs as a 
function of V/nD. Tall surfaces In 
position I; ^ « 30°; a « 0^; Se » 0°; 
6r - 0<». 



MR No. L4K09 




MR No. L4K09 




MR No. L4K09 




MR No. L4K0 




m No. L4K09 




m No. L4K09 



MR No. L4K09 




MR No. L4K09 




MR No. L4K09 




MR No. L4K09 



4nD 



o 



E f ghr Tab 
V/nD 








MR No. L4K0Q 




MR No. L4K09 




MR No. L4K09 




MR No. L4K09 



V 



\ 



Ir 
SI- 




MR No. L4K09 





Figure 32.- Negative thrust characterletlofl of the one-bladed propeller. Tall surfaces In 
position 1; p » -15°; a - O.k^; 6© = 0°; - 0^. 
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Figure 33.- Representative curves snowing the first and 
second peak pressure coefficients In the 
negatlve-thriist condition. Tall gurfaoes 
m position 1; p « -15^; a " 0.1*^^; 
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Figure ^-0.- Loading on left elevator at the Inboard pressure belt for several elevator deflections 
In both positive and negative thrust. 
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Figure 41 .- AerodL/nomic c/iorocfenst/cs of the six- blade dual- 
rotating prope/ter of several elevator deflections . 
Toil surfaces in position 4j /3^=40'; /S^-.JQSjcC^ O) 
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Figure 1^4.- The effect of elevator deflection upon the efficiency envelopes 
of the six-blade dual«rotating propeller. Tail surfaces in 
position 1*-; a « 0^; 6p « 0^. 
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rigure 45.- Ae7v^nom/c~c/ioroc/^ c/ual- 
rotating propetter of sei/era/ rudder deftect/ons . 
To// surfaces /n pos/t/or? 4; /3/r=40°; ^/^^39.3''j 
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